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DUAL-OSCILLATOR SIGNAL SYNTHESIZER HAVING HIGH 
FREQUENCY OFFSET STAGE 

5 Bacl^;round of the Livaitioii 

Signal synthesizers are often used as local oscillators in the ftequency conversion 
stages of high-frequency spectrum analyzers. The frequency conversion stages translate 
the frequencies of applied input signals so that the spectral characteristics of the input 
signals can be analyzed and represented by the spectrum analyzer on a display or other 

10 output device. As shown in Figure 1, an input signal Sin applied to a first frequency 
conversion stage FCSl is converted to a first intermediate frequency signal by mixing the 
input signal Sin with a signal provided by the first local oscillator LOl in the first 
frequency conversion stage. The first intermediate frequency signal IFl is converted to 
intermediate fiiequency signals 1F2, IF3, having successively lower frequencies, by 

15 frequency conversion stages FCSl, FCS3, respectively. 

For the spectrum analyzer to accurately represent the input signal Sdm, the phase 
noise of the local oscillators LOl -LOS should not contribute significantly to the phase 
noise of the resulting frequency-translated input signal at the intermediate frequencies. 

I, 

Accordingly, there is motivation to minimize the phase noise contributed by the signal 
20 synthesizers that are used as local oscillators in the spectrum analyzer. 
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Summaiy of the Invention 

A signal synthesizer according to an embodiment of the present invention includes 

an offset stage having an offset source and frequency translation element in the feedback 

path of a dual-oscillator offset loop synthesizer. The signal synthesizer achieves low phase 

noise via noise cancellation when an output signal from a main loop of the signal 

synthesizer provides the first local oscillator of a spectrum analyzer and when the second 

local oscillator of the spectrum analyzer provides the offset source for the signal 

synthesizer. An alternative embodiment of the present invention is directed toward a 

signal synthesis method. 

Brief Descrqition of the Drawings 
Figure 1 shows a block diagram of a conventional spectmm analyzer. 
Figure 2 shows a dual-oscillator synthesizer. 

Figure 3 shows a signal synthesizer according to an embodiment of the present 
invention, including an offset stage in a feedback patti of an oflfeet loop of the signal 
synthesizer. 

Figure 4 shows the signal synthesizer of Figure 3 included in the conventional 
spectrum analyzer of Figure 1 . 

Figure 5 shows a signal synthesis method according to an altemative embodiment 
of the present invention. 
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Detailed Descrqition of the Embodiments 

A signal synthesizer 20 according to an embodiment of the present invention is 
shown in Figure 3. The frequency synthesizer 20 is based on a dual-oscillator synthesizer 
10 as disclosed in US Patent Number 6,373,344, hereby incorporated by reference. The 
5 signal synthesizer 20 is presented in view of the operating characteristics of the dual- 
oscillator synthesizer 10, which are discussed first. 

The dual-oscillator synthesizer 10, shown in Figure 2, uses a dual YIG-tuned 
oscillator DYTO. A first tunable oscillator YTOl in a main loop 2 provides an output 
signal SouTi- A second tunable oscillator YT02 in an offset loop 3 provides an offset 
10 signal Sosi to a feedback path of the offeet loop 3 and to the main loop 2. The offset loop 
3 eliminates fiiequency division in the feedback path of the main loop 2, which lowers 
phase noise of the output signal Souri- 

A low fi:equency offset stage 4 is used to generate the offset signal Sosi- The low 
fi-equency offset stage 4 includes a harmonic mixer 6, or harmonic sampler, to mix the 
15 offset signal Sosi with a harmonic of a low frequency offset signal SI provided by a low 
fiiequency offset source 8. Once filtered, a resulting mixing product 5 fix)m the harmonic 
mixer 6 is received by a phase detector 12 and phase locked to a reference signal Sosc 
provided by a reference oscillator 11. While the low fiiequency offset source 8 and the 
reference oscillator 1 1 are shown as a separate elements in the offset loop 3, the reference 
20 signal Sosc is altematively generated by frequency dividing the low firequency offset signal 
SI provided by the low fiiequency offset source 8. 

The harmonic of the low frequency offset signal SI has firequency Hl*fl, where 
HI is the harmonic multiple of the low frequency offset signal SI and where fl is the 
fi:equency of the low frequency offset signal SI. The mixing provided by the harmonic 
25 mixer 6 results in the frequency fosi of the offset signal Sosi being related to the frequency 
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fl of the low frequency offset signal SI and the frequency fosc of the reference signal Sosc 
by equation 1 . 

fosi = Hl-fl±fosc (1) 
The resulting offset signal Sosi is mixed with the output signal Squti in the main 
5 loop 2 to establish the output signal Squti. Once filtered, a resulting mixing product 7 is 
phase locked to a tunable interpolation signal Sint having frequency fint. This provides 
the output signal Squti with frequency fouri indicated in equation 2, 

fouTi = fosi ± fiNT = HI • fl ± fosc ± fiisrr (2) 
Since the phase noise of the output signal Squti is also govemed by equation 2, the 
1 0 phase noise of frie output signal Squti is the harmonic multiple HI times the phase noise of 
the low frequency offset signal Sl, plus the phase noise of the reference signal Sqsc and 
the phase noise of the interpolation signal Sint- While the noise gain of the main loop 2 
with respect to the interpolation signal Sint and the reference signal Sqsc is unity, the noise 
gain with respect to the low frequency offset signal Sl is the harmonic multiple HI. Thus, 
15 the phase noise contribution of the low frequency offset signal Sl to the output signal 
Squti is correspondingly increased by this noise gain of the harmonic multiple HI. 
However, the low-frequency offset signal Sl is a fixed low frequency signal and can be 
optimized to have low phase noise. For example, a typical low frequency offset source 8 is 
a low-noise 100 MHz crystal oscillator that is capable of providing a low frequency offset 
20 signal Sl with lower than -170 dBc/Hz phase noise. Consequently, even though the phase 
noise of the low frequency offset signal Sl gets multiplied by the harmonic multiple HI, 
low phase noise for the output signal Squti can still be achieved. 

As an example, with the frequency foun of the output signal Squti being tunable 
from 4 to 7 GHz and with the low frequency offset signal Sl having frequency fl = 100 
25 MHz, phase locking of the offset loop 3 can be achieved when the value of the harmonic 
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multiple HI is between 40 and 70. This results in the phase noise of the low frequency 
offset signal SI being increased by between 20 log(40) = 32dB and 20 log(70) = 37 dB. 
When the phase noise of the low frequency offset signal SI is -170 dBc/Hz, the phase 
noise of the low frequency offset signal SI as multiplied by the hamionic multiple HI is 
5 between -138 dBc/Hz and -133 dBc/Hz. With the reference oscillator 11 providing a 
reference signal Sosc having frequency fosc = 25 MHz, the offset signal Sqsi is provided 
with a frequency step size of 50 MHz. Providing the interpolation signal Snsnr with a 
tuning range of 25 MHz covers gaps between the frequency steps of the offset signal Sosi> 
in tum, providing the output signal SouTi with continuous frequency coverage over the 4 to 

10 7 GHz range. When derived from frequency-dividing the 100 MHz low frequency offset 
signal SI by four, the reference signal Sosc has a theoretic phase noise that is 20 log(4) = 
12dB below that of the 100 MHz signal. However, this phase noise is typically limited by 
the noise floor of the frequency divider employed in deriving the reference signal Sosc 
which is typically much lower than that of the low frequency offset signal SI multiplied by 

1 5 the harmonic multiple H 1 . 

In this example, tiie two dominant contributors to phase noise of the output signal 
SouTi are the interpolation signal Sint and the low frequency offset signal SI as multiplied 
by the harmonic multiple HI. With the interpolation signal Sbmt having phase noise of - 
140 dBc/Hz and the low frequency offset signal SI as multiplied by the hamionic multiple 

20 HI having phase noise of -138 dBc/Hz to -133 dBc/Hz, the resulting phase noise of the 
output signal Souri is between -135.9 dBc/Hz and -132.2 dBc/Hz. 

The signal synthesizer 20 of Figure 3, based on the dual-oscillator synthesizer 10 
discussed above, includes a high frequency offset stage 22 in the feedback path of the 
offset loop 3. The high frequency offset stage 22 includes a high frequency offset source 

25 26 providing a high frequency offset signal S2 and a mixer or other frequency translation 
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element 24. The high frequency offset stage 22 translates the offset signal Sos2 provided 
by the oscillator YT02 in the ofifset loop 3 from the frequency fos2 to a frequency-shifted 
ofiFset signal Sif at a lower frequency fip = fosi - f2, where f2 is the frequency of the high 
frequency offset signal S2. This frequency translated offset signal Sif enables the 
5 harmonic mixer 6 to use a correspondingly lower harmonic of the low frequency offset 
signal SI for phase locking to the reference signal Sosc in the offset loop 3. The higher the 
frequency f2 of the high frequency offset signal S2 is, the lower the frequency ftp of the 
frequency-shifted offset signal Sif is, and the lower the harmonic is. The lower harmonic, 
being a harmonic multiple H2, correspondingly reduces phase noise multiplication of the 

10 low frequency signal SI in the ofifset loop 3. Since flie frequency f2 of the signal S2 is 
typically greater than the frequency fl of the signal SI, tfie term "high frequency is used 
when referring to the offset stage 22, the offset source 26 and the signal S2 in the feedback 
path of the offset loop 3, whereas the term "low frequency" is used when referring to the 
offset stage 4, the offset source 8 and the signal SI . 

15 As a result of the high frequency offset stage 22 in the feedback path of the offset 

loop 3, the frequency fos2 of the offset signal Sos2 is related to the frequency fl of the low 
frequency offset signal SI, the frequency f2 of the high frequency offset signal S2, and the 
frequency fosc of the reference signal Sosc by equation 3. 

fos2 = f2 + H2 ■ fl ± fosc (3) 

20 Mixing the offset signal Sos2 with the output signal Squtz in the main loop 2 and 

phase locking a designated mbcing product 17 with the interpolation signal Sint at 
frequency fiwi in the main loop 2 results in the output signal Soun having frequency f out2 
as indicated in equation 4. 

f0UT2 = f0S2 ± fiNT = H2 • fl ± foSC ± fiNT + f2 (4) 
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Since the frequency relationship of equation 4 also governs the phase noise of the 
output signal Squtz, the phase noise of the output signal Soirn is the harmonic multiple H2 
times the phase noise of the low frequency offset signal SI, plus the phase noise of the 
reference signal Sqscj plus the phase noise of the interpolation signal Sint and the phase 
5 noise of the high frequency offset signal S2. While the noise gain of the main loop 2 with 
respect to the interpolation signal Sdmt, the high frequency offset signal S2, and the 
reference signal Sosc is unity, the noise gain with respect to the low frequency offset signal 
SI is the harmonic multiple H2. 

Reducing the value of the harmonic multiplier from HI to H2 by the inclusion of 

10 the high frequency offset stage 22 in the feedback path of the offset loop 3 of the signal 
synthesizer 20 correspondingly reduces the phase noise multiplication of tfie low 
frequency offset signal SI. For example, with the high frequency offset signal S2 in the 
offset stage 22 having a frequency f2 equal to 4 GHz, and with the low frequency offset 
source 8 providing a low frequency offset signal 81 having a frequency fl of 100 MHz, 

15 the harmonic multiple H2 has a value of approximately 1 to 30 for an output signal Squtz 
having frequency foun spanning between 4 and 7 GHz. This range of values of the 
harmonic multiple H2 that results with the high frequency offset stage 22 in the feedback 
path of the offset loop 3 compares with the harmonic multiple HI having a value of 
approximately 40 to 70 for the dual-oscillator synthesizer 10 of Figure 2. In the signal 

20 synthesizer 20 of Figure 3, the overall phase noise of the output signal Sout2 is reduced by 
the high frequency offset stage 22 as long as the phase noise contributed by the high 
frequency offset signal S2 is lower than the resulting phase noise of tfie low frequency 
offset signal SI when multiplied by harmonic multiple H2 instead of the harmonic 
multiple HI. 
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With oscillators based on dielectric resonators, or YIG resonators used as the high 
fiequency offset source 26, a high frequency offset signal S2 with phase noise in the range 
of approximately -130 dBc/Hz at 10 kHz offset can be provided. However, oscillators 
using optical delay lines, high Q sapphire loaded cavity resonators, superconductor 
5 resonators, or other high performance elements, devices, or configurations to produce the 
high frequency offset signal S2 phase noise below -150 dBc/Hz at 10 kHz offset can be 
provided. Based on equation 4, in a typical example where the phase noise of the low 
fiequency offset signal SI at 10 kHz offset is -170 dBc/Hz and the harmonic multiple H2 
is between 1 and 30, the phase noise of the low frequency offset signal SI as multiplied is 

10 between -170 dBc/Hz and -140 dBc/Hz, where the phase noise of the reference oscillator 
1 1 is -170 dBc/Hz, where the phase noise of the interpolation signal Sint is -140 dBc/Hz 
and where the phase noise of the high frequency offset signal S2 is -150 dBc/Hz, the 
resulting phase noise of the output signal Soun is between -139.6 dBc/Hz and -136.7 
dBc/Hz at lOkHz offset. Equation 4 also indicates that a decrease in the phase noise of 

15 the interpolation signal Sint can further lower the phase noise of the output signal Soun in 
this example. 

While high frequency offset signals S2 that have low phase noise can lower the 
phase noise of the output signal Sourz of the signal synthesizer 20 as illustrated above, a 
substantial phase noise reduction is achievable when the signal synthesizer 20 is used in a 
20 spectmm analyzer. In the spectrum analyzer application, the phase noise constraints on the 
high frequency offset source 26 are relaxed, with low phase noise resulting even when 
oscillators based on dielectric resonators or YIG resonators are used to provide the high 
frequency offset source 26. 

Figure 4 shows the signal synthesizer 20 configured in the conventional spectrum 
25 analyzer of Figure 1. Here, the main loop 2 of the signal synthesizer 20 providing the 
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output signal Squtz is the first local oscillator for the first firequency conversion stage 
FCSl. The second local oscillator L02 of the spectrum analyzer is used as the high 
firequency offset source 26 and provides the high frequency offset signal S2. In order for 
the spectrum analyzer to accurately represent an applied input signal Sin at frequency fjN, 
the first local oscillator signal, in this example Soirn , should not contribute significantly to 
the phase noise of the resulting intermediate frequency signal IF3 provided by the 
frequency conversion stages FCS1-FCS3 of the spectrum analzyer. The frequency fIF2 of 
second intermediate firequency IF2 signal in the spectrum analyzer is indicated in equation 
5. 

fIF2 = fiN + fL01-fL02 = fiN + H2fl±fosc±fiNT + f2-fL02 (5) 
Equation 5 indicates that when the frequency £2 equals fL02, i.e. when the second local 
oscillator L02 provides the high frequency offset source 26, the phase noise contribution 
of the second local oscillator L02 to the second intermediate firequency signal IF2 is 
cancelled. Thus, even if the second local oscillator L02 has high phase noise, the phase 
noise is not transferred to the second intermediate frequency signal IF2 due to the 
cancellation. 

With the second local oscillator L02 providing the high frequency offset signal 
S2, the frequency of the second intermediate frequency signal IF2 (indicated by equation 
6) is independent of the high frequency offset signal S2 provided by the second local 
oscillator L02 because the frequency instabilities of the second local oscillator are 
acquired by the first local oscillator LOl. These acquired frequency instabilities are then 
cancelled by the frequency conversion from the first intermediate firequency signal IFl to 
the second intermediate frequency signal IF2 by the second frequency conversion stage 
FCS2 in the spectrum analyzer. 

fIF2 = fiN + H2 • fl ± fosc ± fiNT (6) 
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The phase noise of the first local oscillator LOl cancels the phase noise of the 
second local oscillator signal L02 when the input signal Sin is converted from the first 
intermediate frequency signal IFl to the second intermediate frequency signal IF2 by the 
second frequency conversion stage FCS2, provided that the phase noise of the first local 
5 oscillator LOl and ttie second local oscillator L02 are coherent. Typically the phase noise 
is coherent within the spectrum analyzer when the first local oscillator LOl and the second 
local oscillator L02 are phase locked to the same reference signal, resulting in a range of 
noise coherence that is typically less than several kilohertz. However, in the configuration 
of Figure 4, the signal synthesizer 20 forces the first local oscillator LOl to be coherent 

10 with the second local oscillator L02 inside the loop bandwidth of the main loop 2 of the 
signal synthesizer 20, which can be up to several hundred kilohertz. 

Table 1 summarizes phase noise of the second intermediate frequency signal IF2 
of the spectrum analyzer using the signal synthesizer 20 configured as in Figure 4. Table 2 
summarizes the phase noise of the second intermediate frequency signal IF2 of the 

15 spectrum analyzer when the dual-oscillator synthesizer 10 providing the output signal 
SouTu as shown in Figure 2, is used as the first local oscillator LOl of the spectmm 
analyzer. In both configurations for this example, the first intermediate frequency signal 
IFl of the spectmm analyzer has a frequency of 4.3 GHz, and tuning the first local 
oscillator LOl fix>m 4.3 GHz to 7.3 GHz enables an input signal Sin having frequency fnsf 

20 between 0 and 3 GHz to be accommodated. The phase noise levels, depicted in dBc/Hz, 
are representative at a 10 kHz offset from the indicated signals. 
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TABLE 1 



AN 
(MHz) 


Phase noise 
of signal SI 
at 

n=100MHz 


Harmonic 
multiple H2 


Phase noise of 
L02 at 4 GHz 


Phase noise 
of signal 

SiNT 


Frequency 
of LOl 
(MHz) 


Phase 
LOl 


Phase 
IF2 


0 


-170 


3 


-130 


-140 


4300 


-129.6 


-140.0 


1500 


-170 


18 


-130 


-140 


5800 


-129.5 


-138.8 


3000 


-170 


33 


-130 


-140 


7300 


-129.4 


-136.8 



TABLE 2 



AN 
(MHz) 


Phase noise 
of signal SI 
at 

n=100MHz 


Harmonic 
multiple HI 


Phase noise of 
L02at4GHz 


Phase noise 
of signal 

SiNT 


Frequency 
of LOl 
(MHz) 


Phase 
noise of 
LOl 


Phase 
noise of 
IF2 


0 


-170 


43 


-130 


-140 


4300 


-135.5 


-128.9 


1500 


-170 


58 


-130 


-140 


5800 


-133.6 


-128.4 


3000 


-170 


73 


-130 


-140 


7300 


-132.0 


-127.9 



5 

Table 2 indicates that when the dual-oscillator synthesizer 10 of Figure 2 provides 
tiie first local oscillator LOl of the conventional spectrum analyzer of Figure 1, the phase 
noise of the second intermediate firequency signal IF2 is dominated by the second local 
oscillator L02, followed by the phase noise of the first local oscillator LOl. Thus, even a 

10 significant reduction in the phase noise of the second local oscillator L02 does not 
correspondingly lower the phase noise of flie second intermediate fi:equency signal IF2, 
because the first local oscillator LOl then becomes the dominant phase noise contributor. 
A reduction of phase noise of the second local oscillator L02 by 10 dB in the present 
example reduces the phase noise of the second intermediate frequency signal IF2 only to 

15 the range of -134.2 to -131.4 dBc/Hz. 
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Table 1 indicates that the phase noise of the second intermediate frequency signal 
IF2 can be more than 10 dB lower when the signal synthesizer 20 generating the output 
signal SouT2 is used as the first local oscillator LOl and when the second local oscillator 
L02 is the high-frequency offset source 26 providing the high-frequency offset signal S2. 
5 In this example, the phase noise of the spectrum analyzer is dominated by the phase noise 
of the interpolation signal Sint, indicating that a further decrease in the phase noise of the 
inteipolation signal Snsrr can further decrease phase noise of the second intermediate 
frequency signal IF2. 

Figure 5 shows a signal synthesis method 30 according to altemative embodiments 

10 of the present invention. Step 31 of the method 30 includes generating the output signal 
SouT2 in the main loop 2 of a dual-oscillator synthesizer 10. In step 32, the offset signal 
Sos2 in the offset loop 3 of the dual-oscillator synthesizer 10 is generated. In step 33, the 
offset signal Sos2 is provided to the main loop 2 and to a feedback path of the offset loop 3. 
In the offset loop 3, the frequency of the offset signal Sos2 is shifted to a lower frequency 

15 fiF in step 34, typically by mixing the offset signal Sos2with a high frequency offset signal 
S2. In step 36, the frequency-shifted ofl&et signal Sw is mixed with a harmonic multiple of 
the applied low frequency offset signal SI in the offset loop 3. A mixing product 5 
resulting from mixing the frequency-shifted offset signal Sw with the harmonic multiple of 
the applied low frequency offset signal SI in the offset loop 3 is phase locked to a 

20 reference oscillator 11 (step 38). Typically, the output signal Sout2 is mixed with the 
offset signal Sos2 in tiie main loop 2 where the resulting mixing product 17 is offset by the 
frequency tunable interpolation signal Sint. 

In another embodiment of the present invention the output signal Sout2 provides 
the first local oscillator LOl of a spectmm analyzer. In yet another embodiment of the 

25 present invention, the main loop 2 of the signal synthesizer 20 providing the output signal 
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SouT2 provides . the first local oscillator LOl of a spectrum analyzer, and the high 
firequency offset source 26 is a second local oscillator L02 of the spectrum analyzer. 

While the embodiments of the present invention have been illustrated in detail, it 
should be apparent that modifications and adaptations to these embodiments may occur to 
5 one skilled in the art without departing firom the scope of the present invention as set forth 
in the following claims. 
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